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THE  IIIPROVELISNT  OF  SPEED  AlID  ACCURACY  i:j  T YPEVmi TI ITG 


Some  time  ago  the  writer  "began  woric  on  the  probleia 
of  ccnstruoting  standard  tests  in  tyrjewri ting,  such  as 
have  "been  and  are  being  formulated  for  the  various 
subjects  of  the  elementari--  and  secondary  school  curricula. 
The  first  preliminary  investigations,  however,  revealed 
the  fact  that  there  ^vere  other  type^JTri  ting  problems 
which  might  logically''  claim  priority,   First,  since 
typewriting  is  a  matter  entirely  of  the  use  of  the  letters 
of  the  alphabet  and  the  various  marks,  it  seemed  necessary 
to  investigate  the  frequency  of  the  occurence  of  these 
letters  and  marks  in  the  English  language.   Secondly, 
since  accuracy  is  one  of  the  primary  requisites  of  good 
typewriting,  it  appeared  to  be  important  to  investigate 
the  nuinber  and  distribution  of  errors  made  in  actual 
tyrjewriting,  and  to  learn,  if  possible,  their  causes. 
Third,  the  modern  "touch"  method  of  typewriting  presumably 
makes  equal  demands  uj^on  all  the  fingers  and  upon  the  two 
hands.   In  fact,  the  typewriter  keyboard  is  so  arranged 
as  to  assign  fifteen  letters  to  the  left  hand,  and  only 
eleven  to  the  right.   The  problem  arises:  what  are  the 
reiu^tive  abilities  of  the  eight  fingers  and  the  two  hards. 
Fourth,  the  determination  of  the  loads  or  burdens  of  work 


which  the  present   ty^e^Trlter  keyboard  places  upon   the 
fingers  and  hands.    Jifth,    an  attempt   to   enumerate   the 
considerations  which  must  be   taken  into   account  in   the 
arrangement   of  a  scientific  keyboard;   a  suggested 
keyboard,    and   the    criticisn;  of  the    same    froai  the   con- 
siderations  set   forth. 

The  field  of  this   investigation  is   one    that  has   not 
been  cultivat^^d.     Tith   the  exception  of  the  v;ork  by  Book 
on   "The  Psychology   of  Skill**,    little   or  no   experiaientation 
has  been  done   in  typewriting.      Even  in  Sook's   stud;/,    the 
object  v/as  not   so  much  the  improvement   of  speed,   accuracy 
or  methods   of  teaching   type\7riting ,    as  it  was   the  more 
general   aim  of  ascertaining,    by  the  use   of  the   typewriter 
as  a  mere  bit   of  apx^aratus,    the  psychology-   of  skill.      Any 
other  mechanism,    an  adding  ria chine   or  piano   for  instance, 
•1,'ould  have  been  equally  capable   of  use   in  a   study  of  skill, 
though  perhaps  not   equally/  convenient   for  experimental 
purposes. 


I.   THE  ?REqUE5rCY  OF  THE  OCCURRENCE  OP   LETTERS 
AOT)  I.IARI^S  I  IT  T}IE  ENGLISH  LAlTCrUAGE. 

The  first  oToJective  of  our  prolDlem  is  to  determine 
the  freciuency  \vith  '."vhich  the  Tarious  letters  of  the 
alphaloet  and  the  more  common  marks  are  used  in  the 
English  language.   For  this  purpose  valuable  raaterial 
ivas  readily  at  hand  in  the  form  of  the  Ayres  Spelling 
Scale.   This  scale  itself  informs  us  that  the  1000  words 
in  the  list  are  "the  product  of  combining  different 
studies  with  the  ohject  of  identifying  the  1000  commonest 
words  in  English  writing."   Tl-ie  scale  wag  formed  "by 
combining  four  different  vocabulary  studies  as  folln-Ys: 
(1)   A  study  by  Ayres  himself  involving  a  total  of  23,629 
words  found  in  personal  and  business  letters^   (2)  The 
study  of  Eldridge  comprising  43,989  words  found  on  two 
pages  each  of  four  different  ne?^spaper3^  {?>)   Ttie  study 
of  "Rev,  Xnowles  of  London,  of  the  vocabulary  of  the 
English  Bible  and  various  authors,  to  a  total  of  100,000 
words)   (4)  The  study  of  Cook  and  O'Shea  of  the  vocabulary 
used  by  thirteen  persons  in  family  and  social  correspondence, 
including  a  total  of  5,200  different  -vords,  Most  of  these 
words  occurred  a  number  of  times.   It  will  be  seen,  tViere- 
fore,  that  the  1000  vrords'in  the  Ayres  scale  are  those 
that  were  found  i.aost  frequently  in  approximately  200,000  ^ 
words  of  personal  letters,  business  letters,  newspapers, 
the  Bible,  and  various  English  authors. 


Accepting   this   list   of  1000  'vords  as   the   most 
common  in   the  Enc^lish  language,    it  would  appear   that  Toy 
counting  the  frequency  7/ith  which  the  various   letters 
of  the   alphabet  appear   in  these  words,    ve    should   secure 
a  very  close  approxiiTiati on  to   their   frequency  in  the 
Snglish  language   in  general,    and  in  the  work  done    on 
typewriters   in  particular, 

Tahle  TIo,   I    shows   in  the    first  ccluran  the   gross 
nuaiber   of  occurrences   of  each   letter   of  the  alphabet   in 
the  1000  comraonest  words.      A  total   of  5423   letters  ',7ere 
found.      The  average   length  of  the   words,    therefore,    is 
5.433  letters.     By  multiplying  the  number   of  occurrences   of 
each  letter  by  1.362  we    secure   the    second    coluran   of   the 
table,    in  which   "e"   ia   raised   to  1000.      Tne   third,    colunin 
shows   the  percentage   of  English  \vri  ti  ng  that   is  liiade   up 
by  each  letter   of  the  alphabet.      The   fourth  column  gives 
the   frequency  of  the   letters  ndth   reference    to    "«i"   as 
one.      Proxu  this   colurun  it   will  be   noted   that   "e"   is  used 
245   tiiues  as   often  as   "4". 

Although   the    evidence   thus   secured   for  the    frequencies 
of  letters   seemed  almost  conclusive,    it  was  nevertheless 
thought  desirable    to   support  it,    if  possible  by  corrobora- 
tive  evidence   from  original   studies,     ^ith  this  purpose 
in  view,    three   studies  were  Hiade   on  the    frequencies   of 
letter^  and    ^unctaation  marks  in    (l)    the  Gospel   of  St. 
Mark,.  (2)    representative  business   letters,    and    (3)    current 
newspaper  editorials. 


TAPLE  1. 
FKEqUElTCY   OF  USE   OP  LETTERS  Ul 

THE  rOFOS   OF   THE  ARYES'  SPELLIIIG   SC>I,E 


Tiraes  Used 

Paised  to  IGCO 

Pe-^centage 

Based  on "ft' 

E 

734 

1000 

13.51 

245 

T 

440 

609 

8.09 

147 

R 

434 

591 

7,98 

145 

A 

419 

571 

7.71 

139 

0 

385 

524 

7.08 

128 

H 

373 

508 

5.88 

124 

I 

366 

598 

6,73 

122 

S 

308 

420 

5.66 

103 

L 

254 

350 

4.67 

85 

C 

219 

298 

4.03 

73 

D 

193 

263 

3.51 

64 

U 

171 

233 

3.14 

57 

H 

170 

232 

3.12 

56 

P 

161 

219 

2.96 

54 

ii 

154 

210 

2.81 

51 

G 

114 

155 

2.09 

38 

P 

113 

154 

2.07 

37 

Y 

107 

146 

1.96 

36 

B 

97 

132 

1.78 

32 

W 

90 

123 

1,65 

30 

V 

60 

82 

1.09 

20 

K 

36 

49 

.66 

12 

J 

14 

19 

.25 

5 

X 

13 

18 

.23 

4 

z 

5 

7 

.09 

2 

Q 

3 

4 

.05 

1 

Total        5433  7415  100.%  1790 
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Tci"ble   II    shows   the    frequencies   of  use   of  letters 
and  punctuation  raarks  in  the    sixteenth  chapter   of  Marie's 
Oospei.      The   first   coluran   showg   the  actual  occurrences 
of  letters,    Ti'hile   the    second    column   shows   the   same  data 
•vith   "e"   raised  to  1000   for  purposes   of  comparison.      Tnis 
was  done  "by  multiplying  the    first   coluirm  through  "by  2,69. 

Tahle  III    sho'.'^s  the   frequencies   of  use   of  letters 
and  punctuation  nvirks  in  actual  husiness  letters.      The 
first'  column,    again,    shows   the   original  data  serared  "by 
count,    "trhile    the   second  column   shows  the   sariie   data  with 
"e"   raised  to   1000  hy  multiplying   through  "by  2.82. 

Tahle  IV  shows   the   frequencies   of  use   of  letters   and 
punctuation  marks   in  a  newspaper   editorial  TDOth   in   t?ie 
original   form  as   counted  and  also  as   these  data  appear 
when  raised   to   the  "basis   of  1000  for   "e"  "by  multiplying 
hy   3.97, 

A  comparison  of   the    data  of  these  three   original 
studies  with   Ta"ble  Ho.   I,  which  gives   the    frequency  of 
letters  in  the  Ayrea  Spelling  Scale,   will  reveal  much 
similarity  "both  in  the   order   or  rank   of  the   letters  and 
in  the   relative  frequencies   of  each   letter  in  the    four 
ta"bles.      It  iTiay  justly  "be   said   that   the   differences  in 
the   four   ta"l:'les  ar«   less  noticea'ble   than  the    similarities, 
Tliis   fact  mcty  "be  given  more   definite   and  exact  expression 
s-tatistically.      "Reference   to  Ta"ble  V  -.Till   show  that    the 
frequencies   of  letters  in   the   Ayres  Scale   correic>.te 


TAPJJ'.   II.  . 
PREQUEITCY  OF  USE   OP  LETTI^-RS  Aim  PUNCTUATION  MARKS 

IN  THE  SIXTEEliTTH   CHAPTER  OF  LIARK'S  GOSPEL 

?ime3  Used  Raised   to  1000 


271 

1000 

164 

605 

155 

572 

153 

565 

106 

591 

92 

340 

92 

340 

88 

325 

87 

321 

67 

247 

65 

232 

52 

192 

41 

151 

37 

137 

57 

137 

25 

92 

25 

85 

25 

85 

20 

74 

13 

48 

12 

44 

6 

22 

3 

11 

2 

7 

1 

4 

0 

0 

19 

70 

34 

125 

6 

2^ 

11 

41 

10 

TAPLI^  III.- 
PREQUINCY  OP  USE  OP  LETTERS  AND  PUNCTUATIOIT  MARKS 

III  BUSINESS  LETTERS 

Times  Uaed      Raised  to  iCOO 


354 

1000 

252 

720 

249 

711 

240 

686 

195 

557 

162 

463 

156 

446 

147 

420 

144 

411 

135 

386 

96 

274 

93 

265 

90 

260 

75 

214 

72 

205 

51 

146 

48 

137 

33 

94 

T^n 

86 

24 

69 

18 

51 

12 

34 

9 

25 

6 

17 

3 

8 

3 

8 

VY 

124 

^1 

140 
12 

o 

0 

11 


TABLE   ir  . 
iraiQUENCY  OF  USE   OP  LETTERS  AND  PUls'CTUATIOlT  llKPZ<iS 

IN  A  NEWSPAPER  KDITORIAL 


Times  Used 

Raised  to  1000 

252 

1000 

219 

876 

210 

841 

180 

723 

171 

685 

158 

673 

117 

468 

105 

420 

102 

409 

99 

396 

72 

289 

69 

276 

66 

26:^ 

57 

228 

54 

216 

42 

169 

39 

157 

S3 

12^ 

30 

120 

2'» 

109 

18 

71 

15 

60 

12 

49 

9 

37 

6 

24 

3 

11 

/A 

64 

JLO 

81 

0 

0 

X 

7 

12 

TABLE  V. 
CORRELATION  OF  THE    bTJSqUENCY  01?  USE   OF  LETTE^vS  IJT  THE 
1000  \TORDS   0?  TIIE   AYRES   SPELLING    SCATHE  ^TM   TIIEIR  USE 
III  TABLES   II    ,111,    ,^^1D   IV   . 


2 


Ayrea  Av.  o.f  Devia-  Devia-      ^ 

Sc£i,le   three   tions   tions      x        y"  xy 

ta'blea  of  x..,  of  y. 


E  1000    1000     715     713     511,225  508,369  509,795 

T   609      711    324    424    104,976  179,776  137,376 

81,796  190,096  124,696 

52,451  82,369  65,723 

18,225  49,284  29,970 

45,369  37,249  41,109 

49,529  28,551  37,6R7 

93,636  6,400  24,480 

2,809  29,241  -  9,063 

4,225  3,844  4,030 

484  676  572 

169  6,064  -  1,014. 

2,704  4,489  3,484 

5,625  8,649  6,971 

19,321  10,404  14,178 

23,409  13,689  17,901 

4,356  22,201  9,834 

26,244  23,104  24,624 

17,161  40,804  26,462 

16,900  42,436  26,730 

41,209  51,076  45,878 

55,696  61,504  58,528 

70,756  70,225  70,490 

71,589  72,361  71,823 

78,961  73,625  77,275 

77.284  77.284  77.284 

Av.285     287                 1,476,109  1^93,780  1,496,863 

r.Zx.y 1.496,865       ^1496855  ,  ,946 

" Vf?^^   "  ^  -.470109-1093730    -J,58i;303 
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with   the   frequencies   found  "by  averaging   the   three 
original   studies    (Ttibles  II,    III,    and  IV)   almost  per- 
fectly,     'Tl'ie    coefficient   of  correlation  is    .946  and 
the   Proba'ble  Error  is    .012,      The  Product-moment   formula 
was  used  in  securing   this   correlation. 

It   is   of  course  possilale   tViat   in  any  one  stud^r  of 
the    frequency  of  letters   the   chance  presence   or  absence 
of  a  few  words    containing   the   less   comiuon  letters,    such 
as  K,    J,    Q,    X,    or   Z,   may  appreciably  influence   the   result, 
This  difficulty  may  be   obviated  by  combining  the   four 
studies    (Tables  I,    II,    III    and  IV),    to  which   procedure 
no   objection  may  be   raised  in  \'iew  of  the  very  high 
correlation  whidi   obtains,  as  set  forth   above. 

Table  VI    shows   the   frequencies   of  letters  and  marks 
in  the   four   studies  made,    all   raised  to   the  basis   of 
1000  for   "e",   while   in  the   fifth   coluiun  of  the   table  we 
have   the  average   of  the   first   four.      This   coluran  is  based 
on  the   counting  of  12,130  letters   of  the   alphabet  in  con- 
nection with   the   four  studies.      It  is  the    findings   set 
forth  in  this   fifth  column  which  are  accepted  in  this 
I>aper  as  a  basis   for  evaluating   the  various  letters  and 
marks  and    their  importance   or   frequency  in  type^^riting. 

Diagram  I    shows  graphically  the    frequencies   of  the 
various  letters.      The   fact  is   that  the  first   six  letters 
(E,    T,    A,    0,    S,    I)   are   used  more  frequently  than   the 
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13 
TAEUS  VI 

JTUriES   OI-T  Tim   ffREOJIElTCY   OF  USE   0? 

TJETTERS   AlTD  PUiTCTUATI  ON  L'lAPJCS 


E  loco  1000 

T  609  605 

A  571  572 

0  524  225 
S  420  340 

1  496  221 
IT  508  391 
R  591  247 
K  232  565 
L  550  232 
D  262  340 
C  298  85 
n  232  137 
IvI  210  151 

Y  146  192 
T=  152  74 
P  219  92 
^  123  137 
5"  154  85 
G  155  48 

V  82  44 
K  49  22 
J  19  7 
X  18  0 
Q  4  4 
Z  7  11 

70 

,  125 

:  22 

;  41 


?us.  Letters 

Sun  Ed,. 

AverciKe 

1000 

1000 

1000 

686 

841 

685 

720 

876 

684 

711 

685 

561 

462 

723 

486 

446 

672 

484 

557 

420 

469 

386 

468 

423 

411 

409 

402 

420 

396 

349 

274 

169 

261 

265 

276 

231 

260 

263 

223 

214 

216 

•^         198 

205 

157 

175 

146 

289 

160 

94 

228 

158 

137 

132 

122 

51 

120 

102 

86 

109 

99 

69 

71 

66 

34 

60 

41 

li? 

49 

23 

25 

37 

20 

8 

24 

10 

8 

11 

9 

124 

.64 

86 

140 

81 

115 

12 

0 

11 

0 

7 

16 

16 


remaining  twenty  letters.  Tlie  most  3ta,rtling  ©"bserva- 
tion  is  the  fact  that  "e"  is  used  more  frequently  than 
twelve  other  letters  coin'bined  (Y,  B,  P,  W,  ?,  G,  V,  K, 
«T,  X,  Q,  Z).  In  view  of  these  facts  the  conclusion  is 
very  evident,  viz.,  that  the  frequencies  of  the  letters 
should  he  taken  into  consideration  in  the  arrangement  of 
the   typewriter  keyho^rd. 

In   furtVier   corrohoration   of  the    findings   of  this 
paper  as   to   the   frequencies   of  letters  and  marks,    the 
custom  of  the   printing   trade  may  be  adduced,      Tahle  VII 
represents  in   the  first   column   the   number   of  type   of 
each   letter   included  in  a  large  printer's    font.      For 
oomparitive  purposes    this   is   reduced   to  the   basis   of  1000 
for   "E"   by  dividing   through  by  12,   and   the   results    sho-.Tn 
in  the   second   column.      Our  accepted   findings  are   given 
in    the    third   column.     Even  a  casual  comparison  of  these 
data  reveals  so  close  an  agreement  between  them  that  a 
correlation  "by  statistical  methods  '.vould  be   superfluous. 
It   needs  ho'^/evar   to  be  borne   in  mind   that   the  printer's 
font   supplies  a  aonewhat  larger  number   of  the  less   coivuuon 
letters  and  ;n.u,rks   than  would  be  usually   found  necessarj'-. 
]?urthermore,    the   fact   that    in  the  printer's   font   four 
letters    (O,    S,    I,    }J,)   are  given   the    saxae   rank,   with   6,000 
type   each,    indicates   t?iat  we  have  here   only  a  rough 
api>ro;d.iii^tion  of  usage,    and   that  the   evidence    from  the 
make-up   of  the    font    is  valuable   for   our   purpose   onlj'-  for 
corroboration  and  not   for  definite  evaluation  of  letters. 
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TAPLE  VII, 

FREQUENCY  OF  USE   OF  LETTJ^T^S  AIID  PUNCTUATION  MARKS 

IN  PRINTER'S   FONTS  AS    COIIPAREP  rCTH   AVERAGES 

ormj  IN  TABLE  \t:  page  //. 

Printer's  Font    Av.  this  Study 

E         12,000  1000  1000 

T          9,000  750  685 

A          8,500  708  684 

0  8,000  667  561 
8          8,000  667  486 

1  6.000  667  484 
JfT  8,000  667  469 
R  6,200  517  42S 
H  6,400  533  402 
L  4,000  334  549 
D  4,400  367  261 
C  3,000  250  231 
U  3,400  283  223 
M          3,000  250  198 

V  2,000  167  175 
B  1,600  133  160 
P          1,700  142  158 

V  2,000  •  167  132 
F  2,500  208  102 
G          1,700  142  99 

V  1,200  100  66 
K  800  67  41 
J  400  33  23 
X  400  33  20 
Q  500  42  10 
7.                            200  17  9 

In  font  of  100  'e" 

40  400  86 

,             40  400  115 

:              5  50  11 

;              5  50  16 


II.  ERRORS  Ul   -^YPEPIU TI ]J5  AIlD  THEIR  CAUSES. 

7ov   the  purposes  of  this  part  of  our  investigation 
a"bout  500  full  siae  pages  of  priictice  type\vriting  work 
were  secured,  from  ax)proxiriiately  100  different  individuals, 
and  t}\e   errors  found  therein  counted  and  tat-ulated  up  to 
the  point  v^'aere  "E"  was  charged  -"rith  1000  errors.   This 
point  v.'as  reached  I'vhen  all  but  thre«  of  the  pages  had  "been 
checked.   The  errors  for  the  several  letters  are  given 
in  Tahle  VIII,  and  for  convenience  of  coraparison  our 
adopted  scale  of  frequencies  of  use  is  given  therewith. 
Tl'ie  percentage  relationship  "between  these  two  series  of 
data  is  given  in  the  third  coluran  of  Tahle  VIII,  from 
which  it  will  he  seen  that  twelve  letters  are  as  good  or 
better  than  "E"  froi/i  the  standpoint  of  accuracy,  while 
thirteen  ranlc  helow  "S".   The  median  is  108,5,   The 
close  paralleliam  "between  accuracy  and  use  may  he  seen 
from  the. fact  that  the  average  frequency  is  287  per 
letter,  and  the  average  errors  recorded,  292  per  letter, 
a  very  small  difference  indeed. 

In  Table  IX  this  relationship  between  accuracy  and 
frequency  of  use  is  still  more  definitely  calculated 
by  the  use  of  the  product-moment  formula,   Tl.e  coeffid  ent 
of  correlation  is  found  to  be  .924  '"ith  a  P,  E.  of  .021. 
Tliis   shows  a  very  close  relationship  between  use  und. 
accuracy  and  bears  out  the  adage,  "Practice  ma,kes  perfect,' 
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t*?lt:  VIII.  • 

ERRORS  I.IADE   111  ACTUAL   TYPE^'^PI TIITG  AS   COI.iPARED 

FITH   ffREQUElTOY  OF  OCCURKEITCE   OF  LETTERS 

Errore 


E 

1000 

1000 

100. 

T 

685 

636 

92.8 

A 

684 

596 

87.1 

0 

561 

462 

82.4 

s 

486 

395 

ei.3 

I 

484 

378 

78.1 

K 

469 

372 

79.3 

R 

423 

440 

104. 

H 

402 

223 

55.5 

L 

349 

339 

97.1 

D 

261 

418 

160.1 

C 

231 

283 

122.5 

U 

223 

224 

100. 

M 

198 

321 

162.1 

Y 

175 

246 

140,6 

B 

160 

97 

60.6 

P 

158 

73 

46.2 

W 

132 

84 

63.6 

P 

102 

209 

204.9 

G 

99 

325 

328.2 

V 

66 

158 

239,4 

K 

41 

96 

234.1 

J 

23 

26 

113. 

X   . 

20 

140 

700. 

Q 

10 

32 

320. 

z 

9 

20 

222,2 
lid.  108,  3 
Av.156.7 
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TABLE  IX. 
CORK^JLATIOIT  OP  FREOUSITCY  OF  USE   OF  LETTERS  T^TH  ERRORS 


IvIALE  III  ACT^UAL  TYPEVTri  TI NG . 
Use     Errors     Dev.  x     Dev«   y  x^ 


2 


E  1000  1000  +713  +808  506, S69  652,864  576,104 

T  685  636  -f  398  +344  158,404  118,336  136,912 

A  684  596  +397  +-304  147,709  92,416  120,688 

0  561  462  +-274  +170  75,076  26,900  46,580 
S  466  395  ^-199  +-103  39,601  10,609  20,497 

1  484  378  +197  4-86  38,809  7,396  16,942 
N  469  372  +182  -1-82  33,124  5,724  14,924 
E  425  440  +136  fl48  16,496  21,904  20,128 
H  402  223  +115  -  69  13,225  4,761  -  7,935 
L  349  339  +62  +-47  3,844  2,209  2,914 
D  261  418  -26  +126  676  15,876  -  3,276 
0  231  283  -56  -  9  3,136  61  504 
U  223  224  -64  -  68  4,096  4,624  4,352 
M  198  321  -89  -h  29  7,921  841  -    2,581 

V  175  246  -112  -  46  12,544  2,116  5,152 
B  160  97  -127  -195  15,129  38,025  24,765 
P  158  73  -129  -219  16,641  47,961  28,251 

V  132  84  -155  -208  24,025  43,264  32,240 
F  102  209  -185  -  83  34,225  6,889  15,355 
G  99  325  -188  +  33  35,344  1,089  -    6,204 

V  66  158  -221  -134  48,841  17,956  29,614 
K  41  96  -246  -196  60,516  38,416  48,216 
J  23  26  -264  -266  69,696  70,756  70,224 
X  20  140  -267  -152  71,289  23,104  40,584 
Q  10  32  -277  -260  76,729  67,600  72,020 
Z     9  _20  -278  -272  77.284  73.964  73.616 

Av.287  282  or   Tott^ls  1,595,749  13.96,701   1,380,586 

x-y      „                1,380.586 ^1.380.586  _    .924 


jg^2T^  *"  N/i,byb,V4y  X  1,398,701^1,493,979 
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This  relationshir.  is  set  forth  in  a  more  graphical 
way  in  Ta'ble  X.   In  the  upper  half  of  that  taTole  we  have 
the  thirteen  raost  used  letters,  in  the  lower  half  the 
thirteen  Isast  frequent  letters.   In  the  first  column 
the  fraciuency  of  use  of  letters  is  indicti-ted  "by   the  use 
of  a  plus  sign  for  those  letters  above  the  median  in 
use,  and  a  minus  sign  for  those  below  the  median.   In 
the  second  colunn  a  plus  sign  indicates  those  letters 
above  the  median  in  nuraber  of  errors,  and  a  rainus  sign 
those  below  the  median  in  number  of  errors.   There  ara 
only  two  of  the  thirteen  luost  conuaon  letters  which  are 
below  the  median  in  number  of  errors,  and  then  by  a  very 
narrow  margin.   Also  only  two  of  the  thirteen  least  used 
letters  are  above  the  median  in  nuj.iber  of  errors,  nor  then 
by  very  large  margins.   In  the  third  coluran  the  plus  sign 
indicates  those  letters  which  are  above  the  median  in 
percentage  of  accuracy,  while  the  minus  sign  indicates 
t};ose  letters  which  are  belo'V  the  median  in  accuracy, 
Fith  five  exceptions  out  of  the  26  letters,  fre'-^uency  of 
use  and  better  than  nediar.  accuracy  go  together,  or 
infreq.uency  of  use  with  inaccuracy.   One  of  the  five 
exceptions  is  by  a  negligible  difference, 

Ve  had  expected  to  find  that  some  keys  or  rows  of 
keys  on  the  tjiDe'.vriter  ^vould  be  Xiiore  accurate  than  others. 
The  findings  in  Tables  IX  and  X  contradict  this  expecta- 
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GOIvIPARISOlT  OF  FKEQUEFC! 


TAJ3LE   X. 
OF  USE   OP  LETTERS  V-ITH  ACCirRACY 


A"bove  I'd.    in 

Above  iMd. 

Atove  Ivld. 

frequency 

in  nuriilDer 

in  eiCoxxTucj -f- 

of  use  -f-   , 

of  errors-f-, 

"below  - . 

"below  -, 

"below  -. 

E 

f 

+ 

+ 

■T 

+ 

t 

+ 

A 

+ 

+ 

■f 

0 

+ 

+ 

"f 

s 

+ 

t 

+ 

I 

+ 

f 

+ 

IT 

t 

+ 

4 

R 

+ 

t 

•I- 

H 

t 

-# 

+ 

L 

+ 

+ 

f 

D 

f 

+ 

. 

C 

+ 

4 

-# 

U 

f 

-# 

i- 

M 

„ 

+ 

. 

Y 

- 

- 

- 

13 

- 

>    ■ 

+ 

P 

- 

- 

t 

W 

- 

- 

+ 

¥ 

- 

- 

- 

G 

- 

+ 

- 

V 

- 

- 

- 

K 

- 

- 

- 

J 

- 

- 

- 

X 

- 

- 

- 

Q 

- 

- 

- 

z 

- 

- 

- 

#  The   exceptions  noted  are  very  near   t?ie  medians, 
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tion,    <*nd  indicate   that   the  position  of  keys   on   the  prssent 
keyboard   exerciaes  very  little   if  any  nieasuraVtle   effect 
on  ciccuracy.      It  has   not   "been   found   rossilDle   to   say 
with  an;.'  degree   of  assurance   tha,t   anj^  one  position  on 
the  ke^'^'board  is  better   than  any  other   from  the    btiand- 
point   of  accuracy. 

The    question  riay  still  he   raised  Tvhether  the   errors 
made   in  typing  any  letter   occur  in  coiuhi nation  v/ith  anj'" 
other  letter   or  letters.      To  ans^ver    this  'question  errors 
were   tabulated  until  100  had  been  noted  for   "E",    and  in 
each  case   the   letter  after     which  the   error   occurred  was 
noted.      The  results   of  this    study  are   set   forth  in 
Table  XI,      T^iis   table    should  be  read  as    follov/s:      of   the 
100  errors  made   in  'vriting   "E**,    20  occurred  after  Tvl,    14 
after  L,    12  after  R,    12  after  IT,    6  c^fter   T,    6  after  S, 
5  after  V,    5  after  H,    5  after   Z,    3  after  K,    3  after  P, 
2  after  3,    2  after  0,    and  2  after  G.      It  does   not  appear 
frojii  a   study   of  this    table    that  tl  ere   is  any   connection 
bet^^een  tionuracy  a,nd  the    corcbination  of  letters  with 
which  any  one    letter  may  h-appen    to   i^e  'written.      T}-is 
serves   only  to  throw  us  back  upon  our   conclusion  that 
accuracy'-  or  inaccuracy  were   the    results   of  freviuent   or 
infrequent   practice,    due   to    frequent   or   infrequent  use 
of  the   letter. 
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TABLE  Xt. 

TERRORS  AITD  THE  LE'^TERS   AFTER  ','^►^1  C!-I  TTICY  OCCUR 


E  LI20,   L14,    Ri2,    1112,    S6,    T6,   V5,   H5,    Z5,    K3,    P3,    B3,    02, 

T  010,    A9,    18,    S8,    114,    04,    S5,    JS,    B5,    TJ3,    03, 

R  Elo,    010,    AlO,    JM,    K3,   ?3. 

A  HIO,    TIO,    04,    V4,    E3,    D3,    R2,    02,    ?2,    :,I2,    SI,    VI. 

S  ElO,    A12,    14,    R4,    U5,    T2,    02,    N2,    B2, 

IT  E9,    A8,    08,    HS,    TJ2,    12. 

0  L8,    R6,    Y5,    D4,    T4,    G2,    K2,    02,    E2,    ^r2, 

1  K6,    L5,    P4,    W2,    112,    V2,    R2,    ?:2,    A2,    !J2. 
D  E12,    06,    IT4,    L2,    V2,    Rl. 

L  ■  U6,    Pc,    E4,    P2,    02,    A2,    12,    02,    Rl,    Bl. 

0  ITli,    S4,    A4,    T2,    Rl,    01, 

K  ^6,    P5,    04,    T4,    G2,    Al. 

M  06,    14,    y2,    S2,    L2,    R2,    SI, 

U  06,    R4,    B3,    Y2,    D2,    Gl,    HI. 

Y  A6,    :JT4,    BS,    T2,    ?2,    R2,    1T2,   H2,    01. 
C  E8,    A4,    12,    N2,    S2,    Ul, 

V  A5,    14,    04,    N3,    32,    Rl, 
W  A8,    S7. 

i''  A3,    E2,    02,    Nl. 

B  R2,    12,    112,    01,    Ul. 

K  02,    R2,    12,    Nl,    Al. 

P  H3,    12,    Ul,    SI. 

X  A3,    02,    12,    El. 

Q  E2. 

J  A2. 

Z  D2.    Al. 


TaTou lifting  from  the  a"bove  the  errors  made  tifter 
each  of  the  letters,  '^e  get  the  following:   after  E  81 
errors,  A  81,  0  75,  F  46,  R  45,  I  34,  H  32,  L  31,  II   30, 
T  30,  S  25,  U  22,  ?  18,  B  15,  T  14,  7  12,  0  11,  13  11, 
V  10,  Y  7,  G  7,  K  5,  Z  5,  J  0,  q  0,  X  0,   Inspection 
shows  that  this  correlates  very  highly  "rith  the  frequency 
of  use  of  letters,  'vhich  would  indicate  merely  that  most 
.errors  happen  after  the  letters  most  frequently  used 
hecause  most  trials  occur,  and  therefore  most  chance  for 
error  after  the  frequently  used  letters. 


III.      RELATIVE  ABILITIES   OP  THE  EIGHT   S-IITGERS 
AND  THE   T^O  HAilDS   FOR   TYPE^"1-'I?I"G. 

^  For   the  purpose   of  determining   the   relative 
ctlDilities   of  the    eight   fingers   and   the   t'vo  hfctnds 
t>  ree   studies  were  ma-de.      Tlie   first   of  these  studies 
was  K&de  upon   50  High  Scliool  girls;    the    second  on 
46'High  School  hoys.      In   these    tv/o   studies   the    following 
laethod  wtis  used.      The   suhjects  were   instructed   to  hold 
tiie   t}:ui(.TD   of  the   right  hand  against   tiie   center   of  the 
t:\Tjewriter   frajue,    in  front   of  the  space  "bar,    and   to   tap 
the   letter   "J"  with  tlve   first    finger   of  the  riglit  }ic».nd 
as   rajjidl;/  as  possihle .      Thirtj''  seconds  were  allowed. 
TVien  with    the   thuB.h   of  the   left  hfa.nd   in   the   same  position, 
the   suhject   tapped  tl}e   letter   "P"   for   thirty   seconds. 
Then  in  the   same  way,    with   the   right  hand  second   finger   "K* 
left  hand  second  finger   "d",    right  >iand   third   finger   "L", 
left  hand  third  finger   "S",    riglit  hand   fourth  finger   ";•• 
left  hand   fourth    finger    "A",   e&ch    for  thirty  seconds. 
The  experimenter  counted  the   nioiuher   of  tcips  as  t}-iey  left 
their   impressions   on   typewriter  I'tx-iieT  in  the   rrgulfa-r  way, 
"by   eac}i   of  the   eight   fingers   of   the    96   suhjects. 

Tlae  purpose   of  holding   the   thurah  'against    the  metal 
frame   of  tl  e   typev/riter  w<a,s   to   eliminate  as  much  as 
liossihle,    wrist  and   arm  movement,    for   it  was  desired  to 
test   only   finger  abilities.      It   wa.s  found  that   "by  holding 
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the   thuPaTs   in  this  v^osition  the   subject  was   cor.ii.elied 
to  rufevke   the    t^i^s  "by  relying  upon   the   fingers  ttlone  ,    cis 
was   desired   for   the  ijurposea   of  the   experiment.      The 
results   of  these   tvro  studies  «,re  set   forth    in  Ta'bles 
XII   und  XIII. 

An  inspection  of  the  rar-dians   in  these   two   tahles 
"/ill   show  th&,t   the   eight   fingers  have    ahout  the    same 
rank  cind  relative  ahility   for    the   tv/o   sexes.      Tive   only 
noticeahle   sex  difference  is  in  siieed  of  tapping,   with 
respect   to   which   the  toys   excelled   the    girls  \.y  24.6 
per   cent. 

The    third   study  "/as  uade   of  42   college  girls   cj,rid 
12   teachers   of  Frederick    County,    L'^aryland,      In  this 
study  a  somewhat  different  method  was  pursued.      Tlie 
suhjects  were  rec^uired   to   tap   for   one   minute  with  a 
pencil  with  the  right  hand,    then   one  i.inute  with   the 
left  hand.      The  laarks  were   subsequently   counted  to  get 
the   scores,       (A   later  study   showed  that  when    the   suhjects 
atterux>ted   to   count    their   t-aA^s   as    they  went,    their    speed 
was   impeded,      A  fe\v  reported   that   tViis   served   to   increase 
their   scores,)      Tlie   suhjects  were   further  recj.uired   to 
tap   for  thirty   seconds  upon   their  desks  with   each   finger. 
Particular  instructions  v/ere   given  as    to   the   position 
to  "be   assurr.ed:   with   the  wrist   resting   upon   th.e  desk    (to 
prevent  wrist  luovement   in  tap'ping)   ci,nd  with   three    fingers 
also   resting  vrith    their   tips  upon  t\i.e   desk.      It  was   found 
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TABLE  XII. 
TAPPIITG  TEST  OF  TYPE\'.'PJ'r]''.R— HIGH  SCHOOL  GIRLS 
Left  Hand   ,'   Right  Htind 
4521123    4-  --^^ 
ITo.  £«•   s   d   f   j   k   1   ; 

1  112  117  120  125  ISl  156  115  155 

2  122  134  128  150  117  143  143  143 

3  89  108  100  96    96  107  112  108 

4  150  129  139  136  129  159  145  129 

5  131  124  93  146  112  143  133  117 

6  103  135   74  135  122  136  131  106 

7  121  141  113  150  138  137  144  113 
e  72  63  73  64  60  64  68  69 
9  115  126  119   78  151  154  172  140 

10  84   92   93  150   98  113  120  94 

11  76   90  101   77   88  137  113  100 

12  99  128  128  130  119  146  151  135 

13  118  122  150  140  106  137  115  100 

14  105  130  129  128  137  154  165  152 

15  90  106   77  135  123  138  115  102 

16  93   95  131  140  140  138  112  101 

17  74   74   77   77   76   75   76   76 

18  119  140  109  120  151  1^8  150  159 

19  85  126  113  148  155  141  152   91 

20  117  120  119  144  154  139  156  134 

21  109  116  108  123  113  119  124  121 

22  91  117   95  126  103  139  144  121 

23  138  131  149  131  139  151  161  153' 

24  76  117   99  115  101  116   61   80 

25  103  110  107  121   89  114  127   98 

26  88  102  115  103  108  109  96    90 

27  88  lo3  111  110  107  113  107  114 

28  105  143  144  137  147  141  166  156 

29  101  '117  138  114  122  147  154  152 

30  97  117  120  90  116  128  154  119 
51   70   92  106  87  107  105   93   75 

32  81  ICl  1C4  105  101  126  113  103 

33  100  119  IIJ  100  109  116  122  99 

34  112  122  123  108  141  135  125  146 
55  85  122  123  88  117  127  151  128 
36  84  94  94  95  84  87  114  110 
57  99  130  154  124  129  145  132  154 
38  115  152  128  120  135  140  145  149 
59  114  104  114  84  81  113  98  106 
40  110  125   77  111  126  112  144  118 
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TABLE  Xri  (continued) 
41.  96  104   87   96   99   99  119  112 
4ki  116  i;5C  128  -121  150  144  144  145 

43  107  151  122  111  112  118  126  127 

44  107  108  112   90  140  117  105  1S4 

45  150  128  129  109  121  1C'.8  154  147 

46  108  118  121  102  119  122  120  127 

47  111  127  155  125  121  105   94   92 

48  112  109  101   96  100   97  151  134 

49  106  109  117  105  120  118  106  100 

50  121  110  120  111  125  124  116  110 

Av,103  116  113  115  118  126  126-119 
Md.lOe  119  117  119  119  130  126  117 
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TAPLE  XIII. 
TAP-PII'O   TEST  OIT  TYPE'^I  ^.-;R—KJ. GH  SCHOOL  BOYS 
Left  Hand    •  Right  Hand 
4   3   2   112   3   4  =  -  -- 
No.  a   s   d   f   j   k   1   ; 

1  157  165  134  131  156  167  180  132 

2  124  142  160  184  205  217  203  152 

3  149  154  124  163  150  180  151  179 

4  105  108  117  123  141  149  158   98 

5  150  152  152  154  154  151  164  160 

6  155  150  '163  145  177  160  183  173 

7  122  138  145  126  166  161  130  159 

8  129  158  163  175  165  153  183  152 

9  137  130  193  161  158  167  222  167 

10  129  121  151  135  163  166  162  154 

11  138  143  138  140  139  152  162  154 

12  139  140  141  155  159  145  152  136 

13  103  126  126  121  176  201  205  183 

14  126  172  155  148  181  182  189  167 

15  94   79   96  94  88  139  126  119 

16  150  146  153  157  179  181  190  149 

17  93  115  135  159  179  176  178  137 

18  181  186  186  176  181  204  202  181 

19  134  158  156  168  173  206  211  195 

20  112  143  126  144  141  148  166  124 

21  129  129  145  145  158  164  161  169 

22  112  128  131  122  167  195  176  153 

23  124  117  124  132  186  130  127  147 

24  139  131  141  138  157  157  173  169 

25  100  122  139  142  153  168  160  121 

26  121  134  151  147  150  165  156  134 

27  148  139  142  165  150  169  158  148 

28  90  101  120  106  125  141  142  119 

29  123  110  126  153  120  143  123  136 

30  129  131  127  151  154  174  160  171 

31  114  126  142  142  165  187  172  153 

32  119  129  143  139  140  173  160  150 

33  105  118  155  145  172  196  185  171 

34  109   99  115  114  132  132  154  137 

35  134  139  169  145  130  169  132  140 

36  113  104  122  114  151  140  136  123 

37  121  122  139  156  133  165  161  140 

38  137  135  149  141  135  178  146  134 

39  129  138  144  143  132  143  144  144 

40  151  154  157  151  151  168  169  150 

41  142  149  169  162  142  140  102  101 

42  140  151  168  156  165  186  169  140 

43  118  116  125  121  145  156  147  157 

44  159  156  176  165  199  212  202  175 

45  124  139  141  149  154  146  145  136 

46  130  129  145  151  158  155  154  150 
Av.128  134  144  143  156  167  164  148 
Mda27  134  145  145  156  166  164  151 
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that   this  i:)Osition  effectually  prevented  txny  v^rist   or 
ix.na  moveiuent  "being  used  and   secured  record«>   of  the 
tajiping  a."biiities   of  the   fingers  cilone. 

An  inspection  of  the   luedians   for   the   eight    fingers 
in  Ta'ble  XIV  shows   that   they  very   closely  "bear   out   the 
results   of  the   first  c».nd   second    studies  as  shown  in 
TaTDles  XII   and  XIII.      Tl-e  three   studies   involve  a  total 
of  190,410  taps,   made  "by  150  different  individuals. 
It   is   "believed  that  "by   comhining   tltese   three   studies 
"by   the  n^ethod    of  averages,    vve   may   secure   conclusions 
as   to   the   relative   alTiilities   of  the   fingers  end  hands 
which  iiiay  he   relied  upon. 
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TABLE  XIV. 
TAPPIKG  TESTS  (ITOT  OIT  T^'TI^'TII TEH )  42  COLLEGK  GIRLS,  12  TEACHERS 
No.  R.   L.   Rl  LI  R2  L2  R3  L3  R4  L4 

1  355  305  loo  175  159  I'^-Q  149  117  179  143 

2  350  291  159  138  136  158  116  110  115  105 

3  446  367  190  187  161  167  149  145  143  159 

4  357  318  140  145  106  138   98   98  106   91 

5  443  340  189  173  159  154  118  119  124  119 
3  385  350  193  154  132  12:  30  99  138  119 
7  382  314  163  150  113  115  121  103  150  120 
S  388  304  200  173  176  129  120  94  110  97 
9  324  175  170  150  150  141  135  106  114  106 

10  326  254  168  158  150  105   65   72   83   47 

11  390  328  170  149  140  129  135  109   76  114 

12  387  312  167  142  140  130   75  120  112  118 

13  409  299  140  130  119  117   90   70   99   94 

14  397  273  153  144  147  127   85  105  109   90 

15  417  307  165  140  135  121  102  101  125  121 
15  334  299  199  170  160  137  145  144  140  140 

17  398  318  187  136  170  127  123  117  147  132 

18  359  314  180  130  101   83   99   92   71   79 

19  363  286  155  130  126  110  100  100  120  102 

20  342  331  146  152  120  132  lie  109  137  122 

21  342  329  179  165  142  139   95   98  138  140 

22  400  378  171  190  156  150  114  130  141  149 

23  352  330  151  146  138  125   92   80  115  101 

24  326  372  130  120  130  160  100  120  112  120 

25  343  271  152  143  126  113  106   90  130  112 

26  294  289  126  110  125  111  104  103  118  115 

27  383  309  193  160  190  123   97  107  147  109 

28  367  282  150  140  149  123   95  103  111  109 

29  355  265  136  118   96   94   60   65   74   71 

30  322  285  142  123  109  . 83  100   83  123   93 

31  253  291  150  121  149  130  111   80  109  103 

32  374  314  101   94  115  100   78   60  110  103 

33  407  310  201  165  157  149  145  141  162  147 

34  309  226  143  110  103   64   67   78  100   92 

35  415  334  201  171  190  167  173  151  179  147 

36  354  303  160  136  140  100   87   90  102  106 

37  363  326  155  160  132  132  110  108  108  102 
36  340  346  160  150  120  120  109  100  118  113 

39  434  344  170  170  148  130  106  111  125  110 

40  392  288  172  136  132  140  130  123  139  128 

41  317  205  157  120  159  122 

42  281  280  125   98   90   82 

43  290  292  150  143  146  103 

44  402  360  135  121  102  101 

45  332  340  199  215  146  160 

46  370  300  15C  140   55   53 


90 

100 

122 

95 

65 

50 

90 

75 

60 

62 

63 

78 

40 

80 

81 

86 

82 

130 

77 

102 

75 

50 

55 

60 
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TABLE  XIV  (continued). 

iTo.  R.   L.   "Rl  LI   P2  L2  P3  Lo  F4   L4 

47  360  280  199  142   98  82  105  IOC  110   92 

48  400  S80  102  114  117  126  40  33  103  114 

49  404  342  184  161  167  149  92  104  110  103 

50  408  392  155  159  150  122  102  100  119   90 

51  374  514  150  118  135  102  108  94  116   59 

52  314  374  149  141  164  155  130  140  150  120 

53  408  298  123   94   93  76  15  61   70   68 

54  472  524  140  115   98  78  59  60   65   62 

Av.353  310  161  143  134  121  101  99  115  106 

I.:d.365  311  160  145  158  125  104  103  117  107 
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.     IV.      Til    FIl'GER  AlTD  HAIH)  LOADS   0?  THE   PKESB'.KT 
TYPET'.'RITtiR  KEY-BOAPPj. 

How  that  we  ixTt'   i  reijared   to   state   in  ti  )r>athenjfcitical 
forn  tLe   relative  abilities   of  the   two  hands  fc-nd  the 
fingers,    it  would   seem    "orth   while   first   to  raise  the 
question,   what  is  'being   exi^ected   of  the    fingers  and  hands 
hy  the  present   typewriter  keyhoard.     Te  are  assuicing, 
of  course,    that  the   typewriter  is    to  "be  used  ty  a   touch 
operator.      Probably  very   few  ^^ersons   are  any  longer 
disposed   to  dispute  the  great  advantage    of  the    "touch" 
r-xethod   for   speed  and  accuracy.      Its  advantage   from  the 
standi)0int   of  fatigue  is  still  greater. 

In  aooordance  '■■'itla  the   touch  niethod  each   of  the 
eight   fingers  has   its   ovm  proper  keys,    three   for   each 
finger  except   the   first    finger   of  each  hand  which  has 
six.      Tahle   XV  gives   for   each   finger   the   letters   it 
strikes  a.nd  tlieir  values,    and   the   sum  of  these,    which 
is   the   finger  load.      Tl-t.ese   letter  values  are   taken   from 
Tahle  VI.      Denoting    the    fingers   cf  the  right  hand  as 
Rl,    P.2,    P.3,    and  P.4,    and  those   of  the   left  hand  as  LI,   L2, 
L3,    and  L4,    we  find   their   loads   to  he,    in   the    same   order: 
P.i   149C,    R2   640,    R3    996,    R4   296,    LI   1535,    L2   1492,    L3   658, 
L4   803.      Adding   these    finger   loads    for   each  hand  we   get 
t}..e  hand   loads:    for   the   right  hand  3422,    for   the   left    4488, 
In  view  of  the   fact    that  in  Tahles  Til,    XIII,    c^nd   XIV  v/e 
found   finger  abilities   to  he   not  very  dissitrdlar,    it   is 
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TABLE  XV, 
TIIE   T^TE^JTIIIG  LOAD  OF  TIIE  EIGHT   FIITGEP.S   AIJD   THE 

RIGI'T  AIID  LEFT  EMTDS 


?in£Ters 

1 

Y 

r?5 

h 

402 

n 

469 

u 

225 

J 

23 

ni_ 

198 

Right 

Hand 

2 

3 

4 

i  484 

0  561 

p  158 

k  41 

1  ?.49 

;  16 

,  115 

.   86 

:  11 
?  11 

Shift  100 

1490  640  996  296 

Total    for   the   right  hand:    2422 


Left  Hand 

Finders    1 

2 

-S- 

4 

r  423 

e  1000 

w  152 

q  10 

f  lo2 

d  261 

8  486 

a  684 

V   66 

c   231 

X  20 

z        9 

t  685 

Sliift  100 

g   99 
t  160 

658 

1535 

1492 

803 

Toti 

a  for  the  . 

left  hand: 

4488 
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ratlier  startling   to   find   that   F.l,    LI,    and  L2  are   on 
the  present   t^Tpewriter  key'board  given  more   than   five 
tiiiieb   as  mucli  work   to  do  as   is  given  to  R4.      In  view, 

.  ,,    of  the  generally  known   fact   that    the   index  of 
rit^r  t-handednebs  raay  he  roughly  expressed  hy  the   ratio 
of  ten  to  nine,    that  is,    that   the  aTsiiity  of  the   right 
hand  is  approxirjiately  one- ninth   greater   than   that    of  the 
left,    it   is   surprising    to  find   that   the  present  keyhoard 
gives   the  heavier  load  to   the  weaker  mesuher. 

The   question   rnay  be   raised:    v/hy   are    ICC    strikes 
r«cord?d    for   Voth    the   right   ard    left   shift   key?    The    total 
of   200   were   secured    by  actual   court.      Kowevsr,    whether 
either   hand   -.vill    striks    excictly  hajf    of    thern   will    vary 
sorfiewhat   with  context.    V/lien   a  letter   on    the    left   of    the 
keytottrd    is    to    be   capitalized,    the   right    shift    key  raust 
be   struck   and.   vice    versa.       Inasmuch   as    the  mOst   used 
letters   are   on    the   left   side   of    the   keyhoard    it    is   very 
probaV.le    that    the    right    shift   key   is    the   rnor-    frequently 
used.    However,    the    total   number   v,-:]]    remain    the    sarae   and 
an    equal    division    of    the    total    200,    while   net    entirely 
exact,    is   as   rear   tts   can   be   gotten.      On    the   revised 
keyhoard,    with    the   letters   distributed   iaccording    to    finger 
and   hand    ability   and   frequency   of   use    of    ]etter3,    the 
right   and    left   shift    key      will   be    struck  more   nearly 
equy.lly. 


36 


V.      THE    CONSIDERATIONS    TO   ]3E   TAIQ^H  IxTTO   ACCOUNT 
IN  TI-IE  ARRANGEIjlENT   OF  A  SCIEl^TTIFIC  KEYT^OARD, 
Aim   A  SUGGESTION  FOR   SUCF   KEYBOARD. 

The    several   nonsidercitionB  which  should  "be  home   in 
Mind  "by  one  \'7ho  is   attempting   to  ruuke  a  scientific 
rearrangement   of  the    typewriter  l:eyhoa,rd  are  the    foliomng; 

1.  The  rueasured  ahiiities   of  tlie   eight    fingers 
and   of  the   right  as   corurjared  with  the   left  hand,    should 
he   taken  into   consideration,    c^nd   loo,ds  assigned   in 
proportion   to   strength. 

2.  The  meaeured  frequency  of  use   of  the   letters   of 
the  aXphahet  and  punctuation  ijarks  luust   he  r.^ade  the 
hasis    for  calculating   the    loads  to  he  assigned   to  the 
several  A  ngers. 

3.  In  addition  to   the  ahove   tliere  a-re   certain 
pedagogical   considerations; 

a.   Most  used  letters   for  home   or   guide  keys,    since 
on  u  keyhourd  so  arranged   th.e   -vork   could  he   done   with 
tlie    fe'.vest   possihle    changes   of  ijosition   of  hands.      Also 
the   frequent  use   of  theoe   letters   will  aid   the  pupil  in 
the   early   fi^dng   of   these  horue-key  positions. 

h,  Tne  next  raost  used  letters  should  "be  assigned  to 
tljose  kevs  or  positions  which  ax'pear  to  he  tlie  favoratle 
ones   froiii  the    standpoint   of  accuracy. 

c.    Since  heginners   find  it  easier   to  use  the    first 
fingers   than   the    other   fingers,    c.nd   since    the  approved 
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metiiod  of  •teaching   typewriting,   a-a   well  b-s   other 
sulbjeots,    is   that    of  proceeding   froiu  the   ettay  to  the 
more  difficult,    it   is  desiralrle   to  so  arrange  the 
key"boa,rd,    "by  assigning   several   of  the  vowels   to   the 
first   fingers,    that   simijle  jractice   words  and   sentences    • 
ru£*y  te  written  hy  the  "beginner,    even  in  the   earliest 
stages  of  the  learning  process. 

?or  purposes  of  the   first   consideration,    TaTole  XVI 
asserihles   the   data   from  Tatles   Til,    XIII,    and  XIV,    i.e., 
the  uedian   ta^.ping,  ahilities   of   the   eight   fingers   of 
High   ScTtooI   5-irlB,    High   School  hoys,    and    College  girls 
and   teachers,    coirihining  the   three  "by  the  raethod   of 
averages.      Tahle  XVI   also   includes   the   present  keyhoard 
load   from  tahle  XV.      Dividing    the    total  keyboard  load 
(7910)   hy   the   sum  of  tlie    finger  ahilities    (1C4&)   we 
find  that   each  point   of  finger  ahility  i..ust  he  multiplied 
"by    7.56   30  as   to  reapportion   the  whole   load  upon  the 
fingers   in  proportion  with   their  ahilities.      Comparing 
the   ideal  finger-loads  with    the  present   finger-loads, 
we   find   four   over- loads   of  49.3,    53,,    35. S,    i..nd    .5    ; 
also   four   under-loads,    5.1,    26.9,    41.6,    and   69.4. 

Of  the   19C,410   taps  li.ade   in   this    study,    100,817 
were  made  hy   the   right  hand,    and   89,593  hy  the  left   in 
equal  nuinh?  rs   of   seconds.      The   ratio   of  the  ahiiity   of 
the   right  hand   to  that    of   the   left  is  as  100   to   85.87, 
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TABLE   X>/I. 
COKPARISOi:  OP  niTGER  AltD  HAITD   ABILITIES  70! TH   TFIE 

LOADS   OP  nm   PIITOERS   Airo  IIAITDS 


LSFT RIGHT 

__4 3 2 1_  __1 2 ? 4_ 

lids,  for  K.  S.  Girls  106  119  117  119  119  130  126  117 
T=Ids.  for  H.  S.  Boys  127  134  145  145  156  165  164  151 
Mds.  College  Girls   107  103  125  145   160  138  104  117 

and  teachers 

Averages        .  113  119  129  136   145  145  131  128 
Multiplying  these  avs. 
"by  7.56  to  get  ideal 
type'TTiting  loads:    855  900  975  D2S  1097  J096  991  968 

The  loads  on  the 

present  keyboard  are  803  &5SM92i525  1490  640  996  296 

Percentage  of  over-  )   ^g.  g  ^g  „    _^^  g   ^gg^ 

or  under-load  of  the   .  ,  \^l       \p,^   «       r 

fingers  on  present  r^'^  *^^'        *^^'^  ^'^ 

type'/nriter  kej'-'board  ) 


HAims 

Right  Left 

Tapping  ability   )    100,817  taps  89,593  taps 

(190,410  taps  "by  ) 

150  individuals)    )   Ratio:      100  to          88.87 

?--3ent  load      ^      ^^'^'^   ^"^^^  ^^^^   ^^^P^ 

Present  load     .  R^tio:   100  to   131.25 


Per  cent  of  over- 
or  under-load 


47.7 

(over-load   of  left 
hand.) 
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or  api:roximately  as    ten    is    to   nine.      This   agrees   with   the 
firdings   of  'Bryajn."      The   i  resent   right   and   left  hand 
D.oads    ir    ti.T  f?vvritira'   r^re   7.422    tars    for   the   right    to 
44Se   for   the   left,    or   a  ratio   ci    iOU    to    131.25.       Tnaae 
data  show  an   overload    of   -"^he-    left   hand   of    47.7  jer   c-snt 
as   corAjared   with    the   right  hand,    on    the  present   tj-jewriter 
keyhoard.      The   over-loads    and  undsr-loads   discovered 
are  rr.ore  graphically  shovm    in  Eiagran  II. 

The   c^jiticisT.  rni2;^t  ^er''^?ps    cs  advanced    that    in 
comhiring   the   .^l^-asures   of   the    tapping   abilities    of   the 
several    fingers     as   obtained   on   the    tj^ps'-v- i'tpr ,    v;ith 
thcs3    c>^tair'-d    in    tapj  ir.g   on   desks,    two   different,    ajid 
for   all  we   know,    heterogeneous    sets   of  data  are   being 
added    together.      In   rejly  to    this    suggestion    the 
following   considerations   are    advanced  and  need    to   be 
ta>en    irto  account, 

Jirst,    it   should  te  boms   in  mind   th-/:    the   sair.e 
purpose   was  uxpemost    in   these    two   sorts   of   experimenta- 
tion,   rar.ely,    the    .itterrpt    to    get   a  n:atheir.atical    stdterr.ent 
of   the    comparative   abilrities   of   the   several  fingers. 
The    tv/o   exteri'^-nts    nre   alike    in   that  both   attempt    tc 


='RYAN,    Ai^erican   Journax    oi    i^sychology,    1892,    V,    123-204. 
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to    recnr*^    an   accurate   court   of   the   nun-'bsr   of   tars    each 
fing«ir   Car   make    in    the    sare  jeriod   of   thirty   seconds 
or   one  n^inute. 

•"econd,    it    is   true   that    taxiing   on   jl  deajs    is   not, 
so    far   as  we   ynow,    the    sa.T.e   thing   as    tapi  ing   the   keys 
of   a    t:,Te\-riter    in    the   ordinary  use   of    that  machine. 
Put    it    is    also    true    that   taj-i- ing    the   keys   of  a   tyjev/riter 
under    the    controlled    situation,    nai'.iely,    with   the    thumb 
touching    the   frame   of    the   machine,    beneath  the    space 
har,    may,    for   all   we   kr.cw,    "be   no  more    like    the  process 
of   actual    t/xewriting    than    is    tajxiJ^-S   en   a  desk   as 
'lescriy'^d   a'o^^e.       T'^    f^ict,    at  r.py  ^e    that   the    former 
rore   nearly  aT  Troxirr^?  tes    the   actual  process    involved    in 
t^'j:ewriting   then   does   the    latter,      Poth  are   controlled 
situations,    v/ith   the  x^rjose   of  x^eventing   an   undue 
influence  upon    th^    outcoffis   as   a  result   oi    leaving    the 
arm  -ma   wr'rt   free    to   do    the    tax  ping,    instead   of 
compel]  irg   the   fingers    to   do    it. 

Third,    of   the    three    sets    of  data  which   are   comhined 
in   Tahle  XVI,    the   third    (the   results    of   tajping   on  desks) 
does   not    iiffer  more   from  either   the   first    (the   results 
for  H.    S,    C-lrls    tapj  i^g   on    t.T''--r iters )    or   the    second 
(the   results   for  n.    R.    P-oys    tapi-ing  on    t^^rt  ewr iters)    than 
the  first  differs   from   the   second.      Therefore,    an   argu- 
munt   against    including   the    third,    because"  differing  from 
the    first  and    second,    would  be   Just   as   gr.od   an   argument, 
so   far  as    it  goes,    for   excluding   either    the   first   or 


second    because    it   differs    from   the 


other, 
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Fourth,    the    average   scores   for    the   fingers    secuirid 
ley  combining   the    three   sets   of   data   in   Table  XVI  differ 
from  the   scores   v/hich   -.voiild   have   been   secured  by 
combining    onlj'    the    two    first    sets    of   data   of    that    table 
by  only  a  little   over   four  per   cent.      So   far   as    the 
relative   abilities   of   the    two   hands   are   concerned,    the 
three   sets   of  data   agree,    all   giving    the   ratio   of 
aj  I  roximately  ten    to   nine.      This    ]e,rger   result    is    there- 
fore   unaffected  by    the    inclusion   or   exclusion   of    the 
third   set   of  data.      A  study  of    the  suggested   keyboard 
in  Diagram   III  will   reveal    the   fact    that    is  was   found 
impossible   so    to   assign    loads   as    to   give   each  finger 
exactly  the  proper   amount   of   v/ork.       In   the   Cd-se   of    the 
third  finger   of   the   left   harid    the   error   amounts    to   as 
much   as    one  and   one-third  per   cent.      In   view  of   this 
fact   the    above  mentioned   difference   of   four  j er   cent 
loses   much   of   its   significance. 

Fifth,    the   fact    is   generally  known,    especially 
ajiiong  lianists  and   typists,    that    the    third  finger    is 
the   least   capable.      This   fact    is   not   so    clearly 
revealed    in   the   first    two    sets   of  data  of   Table   XVI 
as    in   the    third.      This   may  xerhaps   be   explained    by 
saying    that    the   third   finger,    in    the    case   of   the    experi- 
ment  on    the    t:,pev/rit?r,    being   further   removed   from   the 
fixed  point,    the    thumlj,    than   was    the    first   or  second 
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was  perhafs  given  some  little  aid  ir;  its  tairing 
from  the  movement  of  the  wrist  and  arm.   Should  this 
explanation  be  the  correct  one,  it  would  appear  that 
the  third  experiment  avoided  this  chance  for  error, 
and  is  to  that  extent  a  corrective.   It  is  the  opinion 
of  the.  v\Titer  that  the  inclusion  of  the  third  set  of 
data  in  the  avera.ges,  gi-res  a  truer  estimate  of  the 
abilities  of  the  fingers  than  would  te  the  case  were 
these  data  omitted. 

To  return  to  the  considerations  which  must  te  taken 
into  account  in  arranging  a  keylDoard  along  scientific 
lines,  it  was  noted  as  one  of  the  pedagogical  considera- 
tions that  the  eight  most  frequently  used  letters 
should  he   assigned  to  the  home  keys,  so  far  as  this  may 
he  found  to  te  possitle  v-ithout  overloading  of  fingers. 
Also  that  several  of  the  vowels  should  te  assigned  to 
the  first  fin^rs,  for  the  reason  stated. 

From  the  consideration  of  accuracy  tv;o  results 
might  follow.   It  might  te  found  that  certain  vertical 
rows  of  keys,  that  is,  certain  fingers,  were  more  accurate, 
or  that  certain  horizontal  rove  v/^re  more  accurate  than 
others.   These  two  possitilities  are  studied  in  Tatle  XVII, 
Tn  the  uiper  half  of  this  tatle  accuracy  is  compared 
with  frequency  of  use  for  each  of  the  horizontal  rov>fS 
of  keys.   In  Tatle  IX  we  saw  that  with  reference  to  the 
individual  letters,  accuracy  and  frequency  of  use  were 
alm.ost  perfectly  correlated.   Tatle  X^.''II,  however,  seems 
to  show  that  we  have  greatest  accuracy  in  the  urper 
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TAR'IE   XVII. 
Tim   ACCURACY  OF  HORIZONTAL  LILIES   01?  KEYS   ON  TYPE^'"RITER 
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COLtPARISOlT  OP  THE   RANK  OF  THE  EIGHT   FINGERS   AND   TI-IE   HANDS 
IN  ACCURACY  AjM5  IN  LOAD  IN  TYPE^ITING 
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horizontal  line,    with  decreetsing  accuriacy  in  the 
Eiiddle   and  especially  in   the  lower   lines,    to  an   extent 
that  is_  npt_  justified^  "by^  use   or  disuse.      Since   this   is 
the   case  it  will  he  well  to  assign  the  luore   fretiuently 
used  letters,    after   the  honie   Veys  have   "been   supplied,    to 
the  U|.per   row  of  keys. 

Tl-ie  second  part   of  Tahle  T^ll,    on  tlie   other  hand, 
shows  differences   in  accuracy  of  fingers,    that   is,    of 
vertical   rows   of  keys.      These   da'^'a  are    tciken   frora 
tal-le   eighteen.      P-ut  while    the   accuracy   of  fingers 
seeiTiS    to  differ,    it   appears   from    the    tahle   that   this 
is  due   to   the   loads  assigned  to   the   fingers  and  hands, 
rather   than  to   qualities   of  the    fingers   or  hands   them- 
selves.     For  when   the   fingers  are   given  fneir  rank   for 
accuracy  s-nd  for   load,    we    find  a   close    correlation. 
The   overloaded  fingers   tsnd   to  "be   inaccurate,    while   the 
underloaded  fingers   tend  to  he  ixiore  accurate.      In   the 
case   of  the   two  hands   the   evidence  is   even  riore   clear. 
Tlie    right  hand  "with  siiiall   load  has  high  accuracy.      The 
left  hand  with  heavy  load  has   low  accuracy   score.      The 
average   fre^^uency   of  use   of  letters  written  hy  the    left 
hand   on  the  present  keyhoard   is   291,    hy  the  right   280» 
So   far   as   the   law  of  use  goes,    the   left  hand   should   he 
four  per   cent  Liore  accurate   than   the   right.      Instead   of 
this  we   find   the   riglit  l^and   84^  more  accurate   than    the 
left.    Tiiis  juust  he   due   to   the   over-load  of   the   left  hcnd. 
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TAPLE   X^/III. 
THE  ACCURACY  OP  THE  EIGHT   FIITGEP.S  IN  TYPE^'RITIMJ 

(PEF;Ci:iTT/iGES) 
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This   evidence   tends  to   show  that  ne«,riy  half  of 
the   errors  rf.&Ap,  hy  the   left  hand  in   typewriting  are 
preventable ,   due   to   the  tad  apportioning  of  the    type- 
writing  load   in   the   present  keyboard. 

A  further  iraportant  reason  v/hy   the   typeTf/riter  key- 
hoard   s?iOuld  he   scientifically  rearranged  is   the   self- 
evident   fact   that  maxiiuurn  speed  and   ease   of  operation 
can  never  he  attained   so   long  as*   soj.-je    fingers  are   over- 
worked,   while   others  do  not  lj;4.ve   a  chance   to   contrihute 
their   full   shc^re    to   the    total  result. 

A  rearrangeviient   of   the  keyhoard  will,    it   is    clear, 
make   for  iraproved  speed  and  accuracy  in  typewriting. 

The  present  arrangement   of  the   tyi-ewriter  keyhoard 
antedates   the   "touch"  metliod  of  operating,    which  has 
come   to  he   the   only  accepted  method  in  the   teaching   of 
typewriting.      Tlierefore   the   considerations,    if  any,    'j^-hich 
suggested  the  i^resent  arrangement   of  the  keyhoc^rd,   do 
not  apply,   hut  new  considerations  ciust  he   hrought   to  hear 
v/hich   take   account    of  the   fact   that  all   of  the   fingers 
arei   to  he   used  and   should   contrihute    their   share,    no  more 
and  no  less. 

In  accordance  with  the  ahove   considerations  we   offer 
herewith  a  suggested  rearrangement   of  the   typewriter 
keyhoard. 
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